Objective: To describe the challenges of obtaining state and nationally held data for linkage to a non-government national clinical registry.
D ata linkage brings together information belonging to an individual, family, place or single event from two or more independent data sources. 1 Advances in electronic recording of health information have increased the potential for the secondary use of health data collected primarily for clinical purposes. While many state jurisdictions in Australia now provide data linkage services to researchers, linkage of cross-jurisdictional data-sets is under-utilised. 2 Data used for monitoring and evaluating health service performance and patient outcomes are collected using multiple systems such as: health information systems; routine audits; and clinical registries. Hospital administrative datasets provide general clinical information on all patient contacts, often record multiple diagnosis codes and procedures and differentiate between acute, non-acute and sub-acute types of care delivered and the number of admissions. On the other hand, clinical registries and audits collect data on processes of care which are not often routinely recorded in other systems. Some national registries, such as the Australian Stroke Clinical Registry (AuSCR) 3 or the Riksstroke registry, a national stroke registry in Sweden, 4 also include follow-up data such as health-related quality of life (HRQoL) or functional outcomes.
Data collected by each system have their own strengths and limitations. The use of data linkage techniques, through which person-based data from different sources are combined, is a logical and efficient method for maximising use of these existing data collections. Data linkage can also provide: (i) a cost effective means of collecting data, thereby reducing participant burden and avoiding duplication of effort;
(ii) detailed longitudinal data on outcomes for patients not otherwise available; and (iii) the infrastructure to address clinical research questions that may not be readily investigated using a single dataset. Such data linkages have informed improvements in patient care, healthcare delivery and health service infrastructure. [4] [5] [6] [7] [8] Linking stroke patient data is likely to yield important information about stroke care as between 86% and 96% of patients who suffer a stroke are admitted to hospital. [9] [10] [11] Further, these patients are likely to have a significant history of comorbidities and risk factors recorded from admissions prior to their stroke event. Post-stroke hospitalisations due to recurrent vascular events and other conditions either unrelated or related to the patient's stroke event are also common.
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As the risk of recurrent vascular events, subsequent hospitalisations and postdischarge mortality is high, large amounts of information post-stroke can be captured using linked data. Stroke-based data linkage projects within Australia have already provided valuable information related to stroke care and health service delivery. 7, 8, [13] [14] [15] [16] However, these studies have been restricted to within-state linkages. 20 Here, we describe the methods, approval processes, challenges and solutions involved in achieving this aim.
Methods

Study Cohort
Our study cohort was made up of all AuSCR registrants (n=approximately 17,000 patients) admitted to participating hospitals (n=41) from Queensland, New South Wales, Victoria and Western Australia, between 2009 and 2013. The AuSCR cohort was used to define the index stroke event, this being the first ever stroke episode registered in the AuSCR.
Data Sources for linkage
Five data sources were used in the Stroke123 data linkage study as outlined below. Date ranges for state hospital datasets are outlined in Table 1 . Table 2 ). Table 2 ).
The AuSCR
The National
Emergency departments (New South
Wales, Victoria, Western Australia and Queensland) -Include data on presentations to the majority of public emergency departments. Emergency Department data-sets between states 2. A detailed protocol was developed in consultation with the working group. This protocol was used to identify common and complementary information available across datasets and to develop important research questions that could be assessed from the integrated data. This enabled us to provide consistent applications to each data custodian.
3. We identified governance clearances and approvals that were required for each dataset. This included identifying the linkage units and data custodians responsible for each dataset, documenting (where possible) the processes involved for each jurisdiction and identifying which jurisdictions required ethics clearances in addition to the already-obtained project ethics approval.
4. An application plan was developed using a staged process. We first applied for linkage to the National Death Index as these data were considered to be most important and, because these are compiled at a national level by the AIHW, linkage was possible with the whole AuSCR cohort through a single application. Prioritisation for the state hospital data was based on Stroke123 project priorities, such as the need for linked data for a Queensland quality of care study, and to those states with greatest number of hospitals participating in the AuSCR.
5. Annual face-to-face workshops were undertaken to share knowledge between members of the expert working group and with researchers and data linkage experts external to the project to work through related issues.
Data collection and analysis
We undertook a review of the processes negotiated and timelines associated with obtaining data containing person level linkages between the AuSCR, the National Death Index, and state-held hospital data. 21 We reviewed minutes from 27 monthly expert working group meetings that occurred between February 2013 and September 2015, and three annual national workshops (2013 to 2015). We also examined email communications between the data linkage unit members of the sub-committee and study staff to confirm the contents of the minutes. Information obtained from these sources was reviewed by authors NA and DC and summarised chronologically to report on the processes, timelines and specific challenges identified during the project and how these were overcome.
Results
Challenges and solutions
Challenge 1: Separation of roles
Clinical registries, such as the AuSCR, are commonly managed within research institutes where the data custodian is also a leading researcher in their field. Unlike data linkage between administrative datasets, where the data are released to independent researchers, linkage involving a clinical registry often means that the data custodian will also be involved in the research. In Stroke123 the principal investigator (PI) is also the AuSCR data custodian. This duality of roles raised privacy concerns with some government data custodians about the potential to re-identify government records. 
Separation of roles within organisations.
It was identified that staff that had access to identifying data should not have access to the linked content data to be used for analysis and vice versa. To overcome this, the PI for Stroke123 will not be directly involved in analysing the linked data but instead will provide advice on the analysis and interpretation of the data. For some states such as Western Australia it was necessary to nominate another person to act as data custodian for the project.
Physical separation of staff.
The Stroke123 project is a collaborative project involving a number of institutions. This meant that, for this project, we were able to provide an extra level of separation. The research staff responsible for analysing the linked data will not be provided access to the AuSCR web tool and are located at a different institution to the staff involved in the dayto-day running of the registry.
Challenge 2: Consent
The AuSCR has ethics approval for an optout consent approach to recruit registrants consistent with the recommendations in the "Operating Principles and Technical Standards for Australian Clinical Quality Registries". 22 In the AuSCR participant information sheet potential registrants are advised that data collected for the registry may be linked to other health data for research and monitoring purposes, subject to approval from an ethics committee and the AuSCR Research Task Group. The text was based on advice from the New South Wales Population & Health Services Research Ethics Committee and thought to adequately, and sensitively, cover linkage with a range of relevant health information. The data custodians and ethics committees from New South Wales and Western Australia considered this approach to be too broad to cover the data linkage activities associated with Stroke123.
Solution:
In New South Wales and Western Australia we applied for a waiver of consent to allow the linkages between AuSCR and hospital data. The conditions for waiver of consent were met based on the size of the study, the public health importance of this particular research project, and the impracticality of obtaining informed consent.
Challenge 3: Release of identifiable data to a third party
Variations exist between states with regards to their ability to release identifiable data to linkage facilities outside their state. Legislation concerns were raised, by health department data custodians from Victoria and Queensland about submitting identifiable linkage variables to a third party such as the CDL. Further concerns were raised about the potential for re-identification of data because the AuSCR holds identifiable patient information.
Solution:
Our team, with assistance from CDL staff, developed a novel, albeit complex, cross-jurisdictional data flow model that will enable linkage of datasets between different states using linkage keys that do not involve the submission of personal identifiers to a third party. This data flow method was acceptable to most States and will provide additional levels of data security to models used previously in that the linkage map will be held by a third party that does not hold identifiable or content data 7 ( Figure 1 ).
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Challenge 4: Ownership of data held by the AuSCR
In some jurisdictions the agency collecting the data retains ownership of the data as opposed to the data custodian. For example, in Queensland the hospitals collecting the data that was submitted to AuSCR retained ownership. This meant that AuSCR data collected from this jurisdiction could not be sent, in an identified form, to a third party for additional linkage (or any other purpose) without approval from the collecting agency.
Solution:
Additional approvals were sought and granted to allow data from the AuSCR, collected by Queensland hospital staff, to be submitted to the AIHW for linkage with the National Death Index based on a public interest exemption (section 160 of the Hospital and Health Boards Act 2011). However, data from patients registered in AuSCR by Queensland hospital staff were not able to be submitted to other state data linkage units or the CDL. This means that only within-state linkages will be available for Queensland registrants.
Challenge 5: Timelines and duplication of effort
Each jurisdiction required the completion of separate application forms which were often dissimilar. Various elements of the project were negotiated separately for each state. For example, Western Australia required a detailed research plan for each research question that was likely to be answered using the final data set, whereas New South Wales required a separate ethics amendment for each research question detailing the specific aims, methods and additional ethical issues related to the study, while Victoria required all manuscripts be approved by the Health Department prior to publication. In addition, four separate ethics approvals were required for the project and between two to five documents (median of three) were required to be signed by staff from different divisions of Health Departments for each jurisdiction. Waiting times for document signing were responsible for the greatest delays in our project ( Figure 2 ). Obtaining National Death Index data was the quickest (1.5 years). These data would have been obtained within approximately six months in the absence of delays imposed by the additional approvals required for Queensland.
Solution:
Members of the expert working group who were familiar with the workings of health departments were able to provide advice on how best to progress our applications. Having support from the State Stroke Clinical Networks in Queensland and Victoria was also crucial to obtaining sign-off from heads of health departments of these states.
Other potential challenges
Victoria has legislation governing the collection of clinical registry into the Department of Health for availability to third party research, subject to approval. This requirement may create additional challenges depending on whether or not this complies with the operating principles of the registry involved and is acceptable to clinical registry data custodian. Variations also exist 
Discussion
Achieving cross-jurisdictional data-linkage between a non-government national clinical registry holding identifiable data and state and commonwealth held data was challenging, yet achievable. An iterative process was required to respond to the different legislative and data custodian requirements that emerged as applications progressed through the system. We found the greatest challenge to be negotiating the everchanging political and legislative framework associated with accessing data from multiple jurisdictions. Since commencing Stroke123, This has resulted in new interpretations of the same privacy laws as well as changes to the willingness of states to share data, usually to a more conservative approach. These changes meant that methods applied in prior work on which the feasibility of our project was based, were no longer relevant. Uncertainties about access to data and the prolonged timelines required for approval make it very difficult for researchers to plan for projects that involve cross-jurisdictional data-linkage. Our experience has highlighted that a more centralised approach, similar to that used in New Zealand, is needed to enhance national data linkage in Australia (linkage between the AuSCR and the National Death Index was the most efficient). State approval processes are different to that used by the NDI, State and Territory Registrars of Births, Deaths and Marriages delegate approval for specific NDI linkage projects to the AIHW Ethics Committee under agreed protocols which includes AIHW reporting back on all projects, (and having a representative of the Registrars sit on the Ethics Committee). This resulted in a more centralised and efficient process and meant that these data were immediately available for analysis and reporting at a national level. 27 Hospitalisation datasets are different in that they are primarily used by state departments for the purposes of funding and resource allocation. The extent to which the NDI model can be extrapolated to hospital datasets is unknown. However, it may be possible to create a centralised resource for epidemiological and research purposes.
Longer-standing data linkage units had more formalised and well-documented application procedures, resulting in more specific guidance that facilitated an efficient approval process despite there being a greater amount of paperwork. Our results indicate that a centralised, consistent and formalised approach to national data linkage is likely to improve the efficiency of national data linkage in Australia.
It has taken three years to obtain approval for our applications and at the time of writing we are yet to receive all the requested data. These timelines are similar to those described by Spilsbury et al for their crossjurisdictional data linkage project in four states (i.e. four years). 18 We staggered our state-by-state submissions sequentially in the hope that experience gained from an earlier submission would inform and streamline the next submissions. In hindsight, the lack of consistency between application processes was of little benefit since different issues were encountered for each jurisdiction. Often the lessons learned from the initial applications did not apply to subsequent applications, and this further highlights the need for a centralised national approach.
In response to delays experienced by our cross-jurisdictional data linkage work and the work of others, 18, 19 the PHRN has developed, with assistance from state and commonwealth data linkage staff across Australia, a uniform on-line cross jurisdictional application form (www.phrn. org.au/). Advice on the feasibility and cost of potential projects and the data collections held by each state are also available. While individual approvals will still need to be negotiated separately with each state, this should facilitate a more streamlined approach. To enhance opportunities for data linkage we require consistency in state legislation and increased investment in data linkage infrastructure. Increases in funding for Data Linkage Units at both a state and Commonwealth level are also required, especially as the feasibility, quality and demand for linked data continues to increase. Without such initiatives project delays are also likely to increase.
Conclusion
Data obtained through linkage of person level data between a national clinical quality registry and health department administrative datasets can be used to address important research questions. For stroke, use of linked data to answer these questions will help guide policy, improve the quality of stroke care received by patients, identify missed stroke prevention opportunities and ultimately improve patient outcomes. Achieving timely routine linkages of health data is imperative if we are to maximise the use of routinely collected data to guide and improve health service delivery in Australia. Continued streamlining of processes and greater collaboration between jurisdictions, with increased infrastructure and funding support from governments are urgently needed.
